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(g) Ultrasonic transducers for medical diagnostic examinations. 



@ An ultrasonic probe for mechanical scan-type is 
disclosed which comprises one or a plurality of 
ultrasonic transducers mounted on a supporting 
member. One or more of the transducers are divided 
electrically or mechanically. The supporting member 
Is located in a container with ultrasonic wave propa- 
gating medium. The supporting member rotates or 
swing in the container and ultrasonic beam ema- 
nated therefrom scans object in sector form. The 
divided transducers are selectively driven in com- 
monly or separately in accordance with display 
^ mode. 

<C Another embodiment which includes a plurality 
of ultrasonic transducers each having different focal 
fS length Is also disclosed. 
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This invention relates to ultrasonic probes for 
use in ultrasonic diagnostic systems, and more 
particularly to ultrasonic probes for producing me- 
chanical sector scans in an object to be scanned. 

In the medical fields, ultrasonic diagnostic sys- 
tems have been widely used in recent years. The 
ultrasonic diagnostic system makes use of a vari- 
ety of ultrasonic transducers. One example is the 
mechanical sector scan-type probe (hereafter 
called "MSP"), the piezoelectric transducer assem- 
bly of which is rotated or swung to obtain ultrasonic 
Image in sector scan-type, is well known. 

On the other hand, it is well known that the 
diagnostic information obtained by ultrasonic di- 
agnostic systems are classified Into 2D mode, M 
mode, and Doppler mode in accordance with dis- 
play method or received signal. 

In the 2D mode, ultrasonic pulse signals re- 
ceived by the piezoelectric transducer are dis- 
played on a display device as one scanning line 
with brightness modulation. The scanning line is 
successively shifted in accordance with the re- 
ceived ultrasonic pulse signals to obtain a cross- 
sectional image of the object. When the shift of the 
scanning line is performed at high speed, a real 
time cross-sectional image of the object, such as a 
human body, Is observed. 

In the M mode, an ultrasonic wave is transmit- 
ted and received at a predetermined position, and 
the received signal Is displayed as a brightness 
modulation signal In accordance with variation in 
time. 

Doppler mode is a mode used to obtain the 
frequency spectrum and/or velocity of travelling 
space material in the object by receiving a ultra- 
sonic signal which is frequency modulated or 
Doppler shifted by velocity of the travelling ma- 
terial. A continuous wave Doppler (hereafter called 
"CW Doppler"). which uses a continuous wave 
ultrasonic signal, has advantage enabling detection 
of high speed travelling materials but disadvantage 
not to be able to pick up information for a specified 
region. On the other hand, the pulse Doppler 
mode, which uses a pulsed ultrasonic signal, has 
the advantage of enabling detection of information 
for a specified region but has low detecting ability 
of high speed travelling material. Therefore. CW 
Doppler and pulse Doppler are selected to use 
properly. 

In conventional MSP. 2D mode, M mode and 
pulse Doppler mode are obtained with one MSP by 
using transmitting and receiving circuit correspond- 
ing to each of the 2D mode, M mode, and pulse 
Doppler mode. On the other hand, CW Doppler 
mode information cannot be obtained with one 
MSP and an exclusive probe for CW Doppler is 
required. In tills case, troublesome operation can- 
not be avoided because two probes for MSP and 



CW Doppler must be operated. Even If the two 
probes are attached to each other, the probe size 
becomes large and contact surface to the object 
(this is called foot print) becomes wide. The wide 

5 contact surface often fails to obtain necessary in- 
formation for precise diagnosis of specific affected 
part of the human body. 

In the mean time, conventional MSP generally 
employs a plurality of piezoelectric vibrators having 

70 some curvature and aperture to transmit and re- 
ceived converged ultrasonic beam. In this case, 
ultrasonic beam convergence is different along 
depth of the object. Therefore, resolution at the 
point near the surface of the object and the point 

75 far from tiie surface of the object is reduced be- 
cause of the use of a thick ultrasonic beam. In 
particular, deterioration of the resolution at the re- 
gion far from the surface of the object is one of 
severe problem to be solved in conventional MSPs. 

20 

SUMMARY OF THE INVENTION 

It Is, therefore, an object of the present inven- 
tion to provide an MSP which is able to cope with 
25 all of 2D mode, M mode, CW Doppler and pulse 
Doppler mode with one MSP. 

It Is another object of the present invention to 
improve resolving power at near and far region 
from tfie surface of the object. 
30 According to the present invention there is 
provided an ultrasonic probe comprising: 

a plurality of piezoelectric elements mounted 
on a supporting member, 

means for rotating or swinging said supporting 
35 member, 

a container for containing said supporting 
member witii ultrasonic wave propagating material, 
and 

an acoustic window provided at container, 
40 wherein said plurality of piezoelectric elements 
have different focal length with each other. 

The divided piezoelectric vibrators are elec- 
trically connected or separated In accordance witii 
2D mode. M mode, CW Doppler mode and pulse 
45 Doppler mode. 

In another embodiment an MSP Is provided 
which comprises a plurality of ultrasonic trans- 
ducers, each of which is mounted on a supporting 
means rotatable or swingable around an axis. Each 
50 of the transducer has a piezoelecti-ic vibrator hav- 
ing a different focal lengtii to the others. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 The present invention will be described in fur- 
ther detail with reference to the accompanying 
drawings, in which: 

Fig. 1 Is a schematic Inner side view of an MSP 
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adaptable for the present invention; 
Fig. 2 is a cross-sectionai side view of a rotary- 
transformer portion of the IVISP of Fig. 1; 
Fig. 3 is a equivalent circuit of the MSP of Rg. 
1: 

Fig. 4 is a schematic inner side view of a first 
embodiment of the MSP according to the 
present invention; 

Figs. 5a and 5b are front views of a ultrasonic 
transducer according to the present inventions; 
Fig. 6 is a schematic Inner side view of a 
second embodiment of the MSP according to 

the present invention; 

Rgs. 7a and 7b are side views of a rotor adapt- 
able to the MSP of Fig, 6; 
Fig. 8 is a schematic inner side view of a third 
embodiment of the MSP according to the 
present invention; 

Rgs. 9a and 9b are side views of ultrasonic 
beams obtained by the MSP of Rg. 8; 
Figs. 10a and 10b are side views of ultrasonic 
beams of fourth embodiment of the MSP ac- 
cording to the present invention; 
Figs. 11 and 12 are cross-sectional side views 
of a rotary transformer adapted to the MSP 
according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Figs. 1 and 2, piezoelectric vibra- 
tors 20a, 20b and 20c are mounted on a supporting 
member 14 which is rotatable around a axle 4 
supported through bearing 40. At one end of the 
axle 40. a pulley 60 is provided for transmitting 
rotation of a motor 5 to the supporting member 14 
tiirough another pulley 80 and a belt 6, On both 
sides of the supporting member 14. rotary coils 
30b and 31b are embedded or mounted. A fixed 
coil 30a is embedded or mounted on inner side 
wall of a container 2 In opposite relation to the 
rotary coil 30b. In the same manner, a fixed coil 
31a is provided on a inner surface of a housing 55 
in opposite relation to the rotary coil 30b. On one 
side wall of the pulley 60, a third rotary coil 32b Is 
provided which is opposite to a fixed coil 32a 
mounted on another surface of the housing 55. The 
fixed colls 30a, 31a. 32a and the rotary colls 30b, 
31b, 32b are formed in spiral. Numeral 33 des- 
ignates a magnetic core. A set of the fixed coil 30a, 
the rotary coil 30b and the magnetic core 33 fomns 
a first flat type rotary transformer. In the same 
manner, a set of the fixed coil 31a, the rotary coil 
31b and the magnetic core 33, and a set of the 
fixed coil 32a, the rotary coil 32b and the magnetic 
core 33 form second and third flat type rotary 
transformers. Each of the rotary transformers Is 
electrically coupled to the rotating piezoelectric vi- 
brators 20a, 20b, and 20c with no contact relation. 



The magnetic cores 33 are made of magnetic 
material such as ferrite to improve efficiency of the 
rotary transformer and suppress electro-magnetic 
interference between each of the rotary transform- 

5 ers. The electromagnetic interference between the 
rotary transformers is suppressed moreover by 
providing shielding plates 34 of magnetic material 
such as Permalloy between the rotary transformers. 
When the fixed colls 30a, 31a, 32a and the rotary 

10 coils 30b, 31b, 32b, are provided In such a manner 
that they are embedded on the surfaces of cor- 
responding members, the thickness of the rotary 
transformers does not influence to the size of tiie 
container 2 and housing 55. 

76 The supporting member 14 is rotated by the 
motor 5 through the pulley 80, the belt 6 and the 
pulley 60. The motor 5 is controlled to maintain 
constant rotation by rotation controller 7. The pi- 
ezoelectric vibrators 20a, 20b, and 20c are pro- 

20 vided on outside surface of the supporting member 
14 having equl-angular relation of 120^ and each 
piezoelectric vibrator scans 90^ sector region re- 
spectively. Each of the piezoelectric vibrators has 
single or multi-layered acoustical matching layers 

25 for matching acoustical impedance between the 
object as occasion demands. The inductance of the 
rotary transformers is also matched to the imped- 
ance of the piezoelectric vibrators 20a, 20b and 
20c for the raising efficiency of transmitting and 

30 receiving ultrasonic wave. 

Referring now to Fig. 3, when the piezoelect'ic 
vibrator 20a is rotated at predetermined position 
corresponding to the object, a pulse signal Is sup- 
plied to the fixed coil 30a to excite the piezoelectric 

36 vibrator 20a. The pulse signal is immediately in- 
duced to the rotary coil 30b by electromagnetic 
induction and excites the piezoelectric vibrator 20a. 
As a result, tiie piezoelectic vibrator 20a generates 
a ulfrasonic pulse beam. The ultrasonic pulse beam 

40 is emitted to the object through the container 2 
which is filled with an ultrasonic wave propagating 
material 3. A reflected beam obtained by the dif- 
ference of acoustic impedance of the object is 
received by the piezoelectric vibrator 20a along a 

45 reverse passage. The received signal is transmitted 
to the fixed coll 30a through tiie rotary coil 30b by 
electromagnetic Induction and supplied to a signal 
processor via a cable 110, In the signal processor, 
the received signal is processed and displayed as 

50 a brightiess signal of one scanning line on a 
cathode ray tube. In the same manner, the piezo- 
electric vibrators 20b and 20c perform sector scan- 
ning operation of a 90® sector. 

The supporting member 14 rotates at a rotating 

56 speed of 10 rps and the piezoelectric vibrators 20a, 
20b. and 20c are sequentially selected to be ex- 
cited by switching the tixed coils 30a. 31a and 32a 
with a semiconductor switching device 90, which is 
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provided in the signal processor, in accordance 
witli relative position of the piezoelectric vibrator 
20a. 20b, and 20c to the object. As a result. 30 
frames of sector scan-type section image are ob- 
tained per second. 

Referring now to Fig. 4, an ultrasonic wave 
transmitting and receiving portion 1 comprises a 
piezoelectric vibrator, an acoustic impedance 
matching layer and a backing load member, which 
are integrated in a piled layer. The piezoelectric 
vibrator, or both of the piezoelectric vibrator and 
the acoustic Impedance matching layer, are me- 
chanically or electrically divided, as shown in Figs. 
5a and 5b, into two regions by sound wave buffer 
member 11 fonmed of, for example, silicone rubber 
to decrease acoustic coupling between the two 
divided regions. The ultrasonic wave transmitting 
and receiving portion 1 of Rg. 4 employs the 
arrangement shown in Fig. 5a. If no acoustic cros- 
stalks occur, only the electrode of the piezoelectric 
vibrator may be divided as illustrated In Figs. 5a 
and 5b. The thus obtained ultrasonic wave trans- 
mitting and receiving portion 1 is located in the 
container 2 which has an acoustic window made of 
resin having acoustic impedance matched with that 
of the human body such as poly-methylpentene. 
The container 2 is filled with the ultrasonic wave 
propagating material 3 such as deflated water or 
buntanediol. The ultrasonic transmitting and receiv- 
ing portion 1 is swung around the axis 4 by a belt 
or crank chain 6 driven with a motor 5 The motor 5 
Is linked to a controller 7 with a belt or gear 8 to 
adjust the rotational speed of the motor 5 to a 
predetermined value. The controller 7 is a device 
such as rotary encoder or a potentiometer. Nu- 
meral 9 designates a housing of the MSP. In this 
embodiment, a lead wire 10a is connected to a 
common electrode of the piezoelectric vibrator, a 
lead wire 10b to an electrode of the piezoelectric 
vibrator I, a lead wire 10c to an electrode of the 
piezoelectric vibrator 0 respectively. The lead 
wires 10a, 10b and 10c are switched by a semicon- 
ductor switching device in a signal processing and 
displaying apparatus in accordance with the mode 
to be displayed. When 20 mode, M mode or pulse 
Doppler mode is displayed, the lead wires 10b and 
10c are commonly connected. On the other hand, 
when the CW Doppler mode Is displayed, one of 
the lead wires 10b and 10c is used exclusively for 
ultrasonic wave transmission and the other exclu- 
sively for ultrasonic wave reception. When the lead 
wires 10b and 10c are used In commonly con- 
nected the buffer region 11 does not influence to 
sound field because the buffer region 11 has very 
small area which is 30 to 100 times smaller than 
that of the divided ultrasonic transmitting and re- 
ceiving portion. 

Fig. 6 illustrates a second embodiment of the 



present invention. In Rg. 6, ultrasonic wave trans- 
mitting and receiving portion 1, container 2 having 
an acoustic window, ultrasonic wave propagating 
material 3. rotating axle 4, motor 5, belt or crank 
5 chain 6, controller 7 and housing 9 are same as 
those of Fig. 4. Reference numeral 12 designates a 
signal transmitter. 13a a connecting cable and 14 a 
supporting member, respectively. The MSP of Fig. 
6 is essentially same as that of Fig. 1 except the 

10 divided ultrasonic wave transmitting and receiving 
portion 1. The ultrasonic wave transmitting and 
receiving portion 1 Is based on the structure as 
shown in Rgs. 5a and 5b, but other various modi- 
fication may be employed. 

15 Rg. 7a illustrates an example of the ultrasonic 
wave transmitting and receiving portion of Fig. 6. 
The supporting member 14 has a quasi-triangular 
cross-section on each of the plane surface of which 
one of three ultrasonic wave transmitting and re- 

20 ceiving portions 1, each having constructions 
shown in Rg. 5a, are disposed. In this case, six 
signal transmission lines and one grounded line are 
connected to the signal processor and display ap- 
paratus through the signal transmitter 12. The sig- 

25 nal transmitter 12 is formed with a rotary trans- 
former which is the same as previously described, 
or a slip ring. 

Rg. 7b is another example of ultrasonic wave 
transmitting and receiving portion. On one surface 

30 of the supporting member 14, the divided ultra- 
sonic wave transmitting and receiving portion 1 is 
provided. On another surface of the supporting 
member 14, non-divided ultrasonic wave transmit- 
ting and receiving portion 15 is provided. When 2D 

35 mode, M mode or pulse Doppler mode is dis- 
played, the ultrasonic wave transmitting and receiv- 
ing portion 15 is used. When CW Doppler mode Is 
displayed, the ultrasonic wave transmitting and re- 
ceiving portion 1 is in the same manner as pre- 

40 viously described. 

Referring to Rg. 8. piezoelectric vibrators 20a. 
20b and 20c each having the same aperture and 
different focal distances fi, fz and fa, respectively, 
are provided on surfaces of a supporting member 

45 14 in equi-angular relation. The supporting member 
14 Is rotated by a DC motor 23 through a gear or a 
belt 24. The supporting member 14 Is located in a 
container 2 having acoustic window made of poly- 
methylpentene resin. The container 2 Is filled with 

so ultrasonic wave propagating material 3 such as 
deflated water. The piezoelectric vibrators 20a. 
20b, and 20c are electrically connected to a signal 
processing and displaying apparatus 17 through a 
signal transmitter 16 such as a rotary transformer 

55 or a slip ring. An encoder 18. which is driven by 
the DC motor 23 through a gear or a belt 19, is 
provided for controlling the rotation of the support- 
ing member 14. The signal transmitter 16. DC 
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motor 23, and the encoder 18 are connected to the 
signal processing and displaying apparatus 17 
through connecting wires 10. Numeral 55 desig- 
nates a housing of the MSP. The signal processing 
and displaying apparatus 17 generates transmis- 
sion signals, processes received signals by am- 
plifying, detecting, storing and scan converting sig- 
nals, generates controlling signals for various sub- 
systems, and displays the section image on a 
cathode ray tube. Generally, this signal processing 
is not perfomned in the MSP. 

Referring to Rg. 9a, an ultrasonic beam from 
the piezoelectric vibrator 20a having focal length of 
U is shown by dotted line. In the same manner, an 
ultrasonic beams from the piezoelectric vibrator 
20b having focal length of f2. and the piezoelectric 
vibrator 20c having focal length fa, are shown by 
different dotted lines, in consideration of these, the 
piezoelectric vibrators 20a, 20b and 20c are selec- 
tively used in such a manner that most slender 
beam is selected. Namely, the piezoelectric vibra- 
tor 20a is used at Zi region, the piezoelectric 
vibrator 20b is used at Za region, and the piezo- 
electric vibrator 20c is used at Za region. Rg. 9b 
shows the ultrasonic beam thus obtained. As ap- 
parent from Fig. 9b, a converged slender beam is 
obtained according to the embodiment of Fig. 8. 

The selection of desired ultrasonic beam is 
performed by the signal processing and displaying 
apparatus 17. in a first scanning operation, the 
piezoelectric vibrator 20a is selected to extract and 
memorize information in the Zi region. In a second 
scanning operation, the piezoelectric vibrator 20b is 
selected to extract and memorize information in the 
Za region. In a third scanning operation, the piezo- 
electric vibrator 20c is selected to extract and 
memorize information in the Z3 region. As a result, 
one section image to be displayed is obtained by 
three scanning operations. When the supporting 
member 14 is rotated at a speed of 600 rpm, a 
period of 100 msec is necessary to obtain one 
frame of a section image, and a section image of 
sector scan-type having frame rate of lOiHz is 
obtained. 

Referring to Fig. 10a, the piezoelectric vibrators 
22a, 22b, and 22c have different focal lengths fi, 
f2, h and different apertures. In this embodiment, 
resolution in the Zi region is improved by using 
the piezoelectric vibrator 22a having a small ap- 
erture. The ultrasonic beam obtained by the em- 
bodiment of Rg. 10a is illustrated in Fig. 10b. 

Referring now to Fig. 11. another embodiment 
of an ultrasonic cell Is illustrated. A first coil 42 
mounted on Inner sidewall of a cell 32 and a 
second coil 43 mounted on a supporting means 14 
form two pairs of rotary transformers having coil 
gaps of di and 62 respectively. The supporting 
member 14 is supported in the cell 32 by bearings 



81 and 82. The bearing 81 is stored in a bearing 
box 83. On outside of the bearing box 83 and 
corresponding surface of the cell 32, a screw- 
cuttings having very small pitch are formed. The 

5 screw-cuttings make it possible to adjust the loca- 
tion of the supporting member 14, whereby the coil 
gaps d1 and 62 are adjustable, in this case, an- 
other bearing 82 is suspended by a spring 84 
which absorbs the change of thrust load occurring 

70 by adjusting the supporting member 14, and pre- 
vents oscillation of axis of the supporting member 
14. Numeral 85 designates an oil seal. 

The sum di + 62 of the coil gaps of the rotary 
transformer is decided by rotor length LR of the 

75 supporting member 14 and inner size LS of the cell 
32 and cannot be adjusted itself. However, it is 
possible to adjust each of the coil gap d of the 
rotary transformer to a value equal to (di +d2)/2 by 
screwing the bearing box 83. Practically, the coil 

20 gap d is detected by measuring impedance of 
rotary transformer block. Therefore, electrical char- 
acteristics of the rotary transformer block can be 
regulated by screwing the bearing box 83. 

When three ultrasonic vibrators are employed. 

25 a third coil 631 is further provided on a pulley 60 
and chassis 83 in face to face manner as shown in 
Rg. 12. Impedance adjustment of the coil 631 is 
performed after adjusting two pair of coils of Rg, 
11 described before. 

30 

Claims 

1. An ultrasonic probe comprising: 

a plurality of piezoelectric elements moun- 
35 ted on a supporting member, 

means for rotating or swinging said sup- 
porting member, 

a container for containing said supporting 
member with ultrasonic wave propagating ma- 
40 terial. and 

an acoustic window provided at container, 

wherein said plurality of piezoelectric ele- 
ment have different focal length with each oth- 
er. 

45 

2. An ultrasonic probe as claimed in claim 1, 
wherein said piezoelectric elements have ap- 
ertures in such a manner that the shorter the 
focal length is, the smaller the aperture is. 

50 

3. An ultrasonic probe as claimed in claim 1 or 2, 
further comprising same number of rotary 
transformers as that of the piezoelectric ele- 
ments, said rotary transformer comprises a 

55 rotary coil provided on side surface of said 
supporting member and a fixed coil oppositely 
located to said rotary coil. 
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4, An ultrasonic transducer as claimed in ciaim 3. 
wherein said rotary transfornr^er further com- 
prises means for adjusting the location of said 
supporting member in an axial direction there- 
of. 5 
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Fig.So Fig. 5b 
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